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0$7+(0$7,&6 81,7 �� 6(76� 5(/$7,216 $1' )81&7,216�

6HWV DQG WKHLU UHSUHVHQWDWLRQ� 8QLRQ� LQWHUVHFWLRQ DQG FRPSOHPHQW RI VHWV DQG
WKHLU DOJHEUDLF SURSHUWLHV� 3RZHU VHW� 5HODWLRQV� W\SH RI UHODWLRQV� HTXLYDOHQFH
UHODWLRQV� IXQFWLRQV� RQH�RQH� LQWR DQG RQWR IXQFWLRQV� WKH FRPSRVLWLRQ RI
IXQFWLRQV�

81,7 �� &203/(; 180%(56 $1' 48$'5$7,& (48$7,216�

&RPSOH[ QXPEHUV DV RUGHUHG SDLUV RI UHDOV� 5HSUHVHQWDWLRQ RI FRPSOH[ QXPEHUV
LQ WKH IRUP D � LE DQG WKHLU UHSUHVHQWDWLRQ LQ D SODQH� $UJDQG GLDJUDP� DOJHEUD RI
FRPSOH[ QXPEHUV� PRGXOXV DQG DUJXPHQW �RU DPSOLWXGH� RI D FRPSOH[ QXPEHU�
4XDGUDWLF HTXDWLRQV LQ UHDO DQG FRPSOH[ QXPEHU V\VWHPV DQG WKHLU VROXWLRQV�
5HODWLRQV EHWZHHQ URRWV DQG FRHIILFLHQWV� QDWXUH RI URRWV� WKH IRUPDWLRQ RI
TXDGUDWLF HTXDWLRQV ZLWK JLYHQ URRWV�

81,7�� 0$75,&(6 $1' '(7(50,1$176�

0DWULFHV� DOJHEUD RI PDWULFHV� W\SH RI PDWULFHV� GHWHUPLQDQWV DQG PDWULFHV RI
RUGHU WZR DQG WKUHH� HYDOXDWLRQ RI GHWHUPLQDQWV� DUHD RI WULDQJOHV XVLQJ
GHWHUPLQDQWV� $GMRLQW DQG LQYHUVH RI D VTXDUH PDWUL[� 7HVW RI FRQVLVWHQF\ DQG
VROXWLRQ RI VLPXOWDQHRXV OLQHDU HTXDWLRQV LQ WZR RU WKUHH YDULDEOHV XVLQJ PDWULFHV�

81,7 �� 3(5087$7,216 $1' &20%,1$7,216�

7KH IXQGDPHQWDO SULQFLSOH RI FRXQWLQJ� SHUPXWDWLRQV DQG FRPELQDWLRQV� 0HDQLQJ
RI 3�Q� U� DQG &�Q� U�� 6LPSOH DSSOLFDWLRQV�

81,7 �� %,120,$/ 7+(25(0 $1' ,76 6,03/( $33/,&$7,216�

%LQRPLDO WKHRUHP IRU D SRVLWLYH LQWHJUDO LQGH[� JHQHUDO WHUP DQG PLGGOH WHUP DQG
VLPSOH DSSOLFDWLRQV�

81,7 �� 6(48(1&( $1' 6(5,(6�

$ULWKPHWLF DQG *HRPHWULF SURJUHVVLRQV� LQVHUWLRQ RI DULWKPHWLF� JHRPHWULF PHDQV
EHWZHHQ WZR JLYHQ QXPEHUV� 5HODWLRQ EHWZHHQ $�0 DQG *�0�

81,7 �� /,0,7� &217,18,7< $1' ',))(5(17,$%,/,7<�
5HDO±YDOXHG IXQFWLRQV� DOJHEUD RI IXQFWLRQV� SRO\QRPLDO� UDWLRQDO� WULJRQRPHWULF�
ORJDULWKPLF DQG H[SRQHQWLDO IXQFWLRQV� LQYHUVH IXQFWLRQV� *UDSKV RI VLPSOH
IXQFWLRQV� /LPLWV� FRQWLQXLW\ DQG GLIIHUHQWLDELOLW\� 'LIIHUHQWLDWLRQ RI WKH VXP�
GLIIHUHQFH� SURGXFW DQG TXRWLHQW RI WZR IXQFWLRQV� 'LIIHUHQWLDWLRQ RI
WULJRQRPHWULF� LQYHUVH WULJRQRPHWULF� ORJDULWKPLF� H[SRQHQWLDO� FRPSRVLWH DQG
LPSOLFLW IXQFWLRQV� GHULYDWLYHV RI RUGHU XSWR WZR� $SSOLFDWLRQV RI GHULYDWLYHV�
5DWH RI FKDQJH RI TXDQWLWLHV� PRQRWRQLF�,QFUHDVLQJ DQG GHFUHDVLQJ IXQFWLRQV�
0D[LPD DQG PLQLPD RI IXQFWLRQV RI RQH YDULDEOH�

81,7 �� ,17(*5$/ &$/&8/$6�
,QWHJUDO DV DQ DQWL�GHULYDWLYH� )XQGDPHQWDO LQWHJUDOV LQYROYLQJ DOJHEUDLF�
WULJRQRPHWULF� H[SRQHQWLDO DQG ORJDULWKPLF IXQFWLRQV� ,QWHJUDWLRQ E\ VXEVWLWXWLRQ�
E\ SDUWV DQG E\ SDUWLDO IUDFWLRQV� ,QWHJUDWLRQ XVLQJ WULJRQRPHWULF LGHQWLWLHV�
(YDOXDWLRQ RI VLPSOH LQWHJUDOV RI WKH W\SH
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7KH IXQGDPHQWDO WKHRUHP RI FDOFXOXV� SURSHUWLHV RI GHILQLWH LQWHJUDOV�
(YDOXDWLRQ RI GHILQLWH LQWHJUDOV� GHWHUPLQLQJ DUHDV RI WKH UHJLRQV ERXQGHG E\
VLPSOH FXUYHV E\ VLPSOH FXUYHV LQ VWDQGDUG IRUPV�

81,7 �� ',))5(17,$/ (48$7,216 �

2UGLQDU\ GLIIHUHQWLDO HTXDWLRQV� WKHLU RUGHU DQG GHJUHH� WKH VROXWLRQ RI GLIIHUHQWLDO
HTXDWLRQ E\ WKH PHWKRG RI VHSDUDWLRQ RI YDULDEOHV� VROXWLRQ RI D KRPRJHQHRXV
DQG OLQHDU GLIIHUHQWLDO HTXDWLRQ RI WKH W\SH 𝑑𝑦

𝑑𝑥
൅ 𝑝 𝑥 𝑦 ൌ 𝑞ሺ𝑥ሻ�

81,7 ��� &2�25',1$7( *(20(75< �

&DUWHVLDQ V\VWHP RI UHFWDQJXODU FRRUGLQDWHV LQ D SODQH� GLVWDQFH IRUPXOD� VHFWLRQV
IRUPXOD� ORFXV DQG LWV HTXDWLRQ� WKH VORSH RI D OLQH� SDUDOOHO DQG SHUSHQGLFXODU
OLQHV� LQWHUFHSWV RI D OLQH RQ WKH FR�RUGLQDWH D[LV�

6WUDLJKW OLQH� 9DULRXV IRUPV RI HTXDWLRQV RI D OLQH� LQWHUVHFWLRQ RI OLQHV� DQJOHV
EHWZHHQ WZR OLQHV� FRQGLWLRQV IRU FRQFXUUHQFH RI WKUHH OLQHV� WKH GLVWDQFH RI D
SRLQW IRUP D OLQH� FR�RUGLQDWH RI WKH FHQWURLG� RUWKRFHQWUH DQG FLUFXPFHQWUH RI D
WULDQJOH�

&LUFOH� FRQLF VHFWLRQV� $ VWDQGDUG IRUP RI HTXDWLRQV RI D FLUFOH� WKH JHQHUDO
IRUP RI WKH HTXDWLRQ RI D FLUFOH� LWV UDGLXV DQG FHQWUH� HTXDWLRQ RI D FLUFOH ZKHQ
WKH HQGSRLQWV RI D GLDPHWHU DUH JLYHQ� SRLQWV RI LQWHUVHFWLRQ RI D OLQH DQG D FLUFOH
ZLWK WKH FHQWUH DW WKH RULJLQ DQG VHFWLRQV RI FRQLFV� HTXDWLRQV RI FRQLF VHFWLRQV
�SDUDEROD� HOOLSVH DQG K\SHUEROD� LQ VWDQGDUG IRUPV�

81,7 ��� 7+5(( ',0(16,21$/ *(20(75< �

&RRUGLQDWHV RI D SRLQW LQ VSDFH� WKH GLVWDQFH EHWZHHQ WZR SRLQWV� VHFWLRQ
IRUPXOD� GLUHFWLRQ UDWLRV DQG GLUHFWLRQ FRVLQHV DQG WKH DQJOH EHWZHHQ WZR
LQWHUVHFWLQJ OLQHV� (TXDWLRQ RI D OLQH� 6NHZ OLQHV� WKH VKRUWHVW GLVWDQFH EHWZHHQ
WKHP DQG LWV HTXDWLRQ�

81,7 ��� 9(&725 $/*(%5$ �

9HFWRUV DQG VFDODUV� WKH DGGLWLRQ RI YHFWRUV� FRPSRQHQWV RI D YHFWRU LQ WZR
GLPHQVLRQV DQG WKUHH�GLPHQVLRQDO VSDFHV� VFDODU DQG YHFWRU SURGXFWV�

81,7 ��� 67$7,67,&6 $1' 352%$%,/,7< �

0HDVXUHV RI GLVSHUVLRQ� FDOFXODWLRQ RI PHDQ� PHGLDQ� PRGH RI JURXSHG DQG
XQJURXSHG GDWD� FDOFXODWLRQ RI VWDQGDUG GHYLDWLRQ� YDULDQFH DQG PHDQ
GHYLDWLRQ IRU JURXSHG DQG XQJURXSHG GDWD� 3UREDELOLW\� 3UREDELOLW\ RI DQ HYHQW�
DGGLWLRQ DQG PXOWLSOLFDWLRQ WKHRUHPV RI SUREDELOLW\� %D\H
V WKHRUHP� SUREDELOLW\
GLVWULEXWLRQ RI D UDQGRP YDULDEOH�

81,7 ��� 75,*2120(75< �

7ULJRQRPHWULFDO LGHQWLWLHV DQG WULJRQRPHWULFDO IXQFWLRQV� LQYHUVH WULJRQRPHWULFDO
IXQFWLRQV WKHLU SURSHUWLHV�



3+<6,&6

81,7 �� 8QLWV DQG 0HDVXUHPHQWV

8QLWV RI PHDVXUHPHQWV� 6\VWHP RI XQLWV� 6, 8QLWV� IXQGDPHQWDO DQG GHULYHG XQLWV�
OHDVW FRXQW� VLJQLILFDQW ILJXUHV� (UURUV LQ PHDVXUHPHQWV� 'LPHQVLRQV RI 3K\VLFV
TXDQWLWLHV� GLPHQVLRQDO DQDO\VLV DQG LWV DSSOLFDWLRQV�

81,7 �� .LQHPDWLFV

7KH IUDPH RI UHIHUHQFH� PRWLRQ LQ D VWUDLJKW OLQH� VSHHG DQG YHORFLW\� XQLIRUP
DQG QRQ�XQLIRUP PRWLRQ� DYHUDJH VSHHG DQG LQVWDQWDQHRXV YHORFLW\� XQLIRUPO\
DFFHOHUDWHG PRWLRQ� YHORFLW\�WLPH� SRVLWLRQ�WLPH JUDSK� UHODWLRQV IRU XQLIRUPO\
DFFHOHUDWHG PRWLRQ� UHODWLYH YHORFLW\�

0RWLRQ LQ D SODQH� SURMHFWLOH PRWLRQ� XQLIRUP FLUFXODU PRWLRQ�

81,7 �� /DZV RI 0RWLRQ

)RUFH DQG LQHUWLD� 1HZWRQ¶V ILUVW ODZ RI PRWLRQ� PRPHQWXP� 1HZWRQ¶V VHFRQG
/DZ RI PRWLRQ� LPSXOVH� 1HZWRQ¶V WKLUG /DZ RI PRWLRQ� /DZ RI FRQVHUYDWLRQ RI
OLQHDU PRPHQWXP DQG LWV DSSOLFDWLRQV� HTXLOLEULXP RI FRQFXUUHQW IRUFHV�

6WDWLF DQG .LQHWLF IULFWLRQ� ODZV RI IULFWLRQ� UROOLQJ IULFWLRQ�

'\QDPLFV RI XQLIRUP FLUFXODU PRWLRQ� FHQWULSHWDO IRUFH DQG LWV DSSOLFDWLRQV�
YHKLFOH RQ D OHYHO FLUFXODU URDG� YHKLFOH RQ D EDQNHG URDG�

81,7 �� :RUN� (QHUJ\ DQG 3RZHU

:RUN GRQH E\ D FRQVWDQW IRUFH DQG D YDULDEOH IRUFH� NLQHWLF DQG SRWHQWLDO HQHUJLHV�
ZRUN�HQHUJ\ WKHRUHP� SRZHU�

7KH SRWHQWLDO HQHUJ\ RI D VSULQJ� FRQVHUYDWLRQ RI PHFKDQLFDO HQHUJ\�
FRQVHUYDWLYH DQG QRQ� FRQVHUYDWLYH IRUFHV� PRWLRQ LQ D YHUWLFDO FLUFOH� (ODVWLF
DQG LQHODVWLF FROOLVLRQV LQ RQH DQG WZR GLPHQVLRQV�

81,7 �� 5RWDWLRQDO 0RWLRQ

&HQWUH RI PDVV RI D WZR�SDUWLFOH V\VWHP� FHQWUH RI PDVV RI D ULJLG ERG\� %DVLF
FRQFHSWV RI URWDWLRQDO PRWLRQ� PRPHQW RI D IRUFH� WRUTXH� DQJXODU PRPHQWXP�
FRQVHUYDWLRQ RI DQJXODU PRPHQWXP DQG LWV DSSOLFDWLRQV�

7KH PRPHQW RI LQHUWLD� WKH UDGLXV RI J\UDWLRQ� YDOXHV RI PRPHQWV RI LQHUWLD IRU
VLPSOH JHRPHWULFDO REMHFWV� SDUDOOHO DQG SHUSHQGLFXODU D[HV WKHRUHPV DQG WKHLU
DSSOLFDWLRQV� (TXLOLEULXP RI ULJLG ERGLHV� ULJLG ERG\ URWDWLRQ DQG HTXDWLRQV RI
URWDWLRQDO PRWLRQ� FRPSDULVRQ RI OLQHDU DQG URWDWLRQDO PRWLRQV�

81,7 �� *UDYLWDWLRQ

7KH XQLYHUVDO ODZ RI JUDYLWDWLRQ� $FFHOHUDWLRQ GXH WR JUDYLW\ DQG LWV YDULDWLRQ
ZLWK DOWLWXGH DQG GHSWK� .HSOHU¶V ODZ RI SODQHWDU\ PRWLRQ� *UDYLWDWLRQDO SRWHQWLDO
HQHUJ\� JUDYLWDWLRQDO SRWHQWLDO� (VFDSH YHORFLW\� PRWLRQ RI D VDWHOOLWH� RUELWDO
YHORFLW\� WLPH SHULRG DQG HQHUJ\ RI VDWHOOLWH�

81,7 �� 3URSHUWLHV RI 6ROLGV DQG /LTXLGV

(ODVWLF EHKDYLRXU� VWUHVV�VWUDLQ UHODWLRQVKLS� +RRNH
V /DZ� <RXQJ
V PRGXOXV�
EXON PRGXOXV DQG PRGXOXV RI ULJLGLW\�
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3UHVVXUH GXH WR D IOXLG FROXPQ� 3DVFDO
V ODZ DQG LWV DSSOLFDWLRQV� HIIHFW RI JUDYLW\
RQ IOXLG SUHVVXUH� YLVFRVLW\� 6WRNH¶V ODZ� WHUPLQDO YHORFLW\� VWUHDPOLQH DQG
WXUEXOHQW IORZ� FULWLFDO YHORFLW\� %HUQRXOOL
V SULQFLSOH DQG LWV DSSOLFDWLRQV�
6XUIDFH HQHUJ\ DQG VXUIDFH WHQVLRQ� DQJOH RI FRQWDFW� H[FHVV RI SUHVVXUH DFURVV D
FXUYHG VXUIDFH� DSSOLFDWLRQ RI VXUIDFH WHQVLRQ� GURSV� EXEEOHV DQG FDSLOODU\ ULVH�
+HDW� WHPSHUDWXUH� WKHUPDO H[SDQVLRQ� VSHFLILF KHDW FDSDFLW\� FDORULPHWU\�
FKDQJH RI VWDWH� ODWHQW KHDW� +HDW WUDQVIHU� FRQGXFWLRQ� FRQYHFWLRQ DQG UDGLDWLRQ�

81,7 �� 7KHUPRG\QDPLFV
7KHUPDO HTXLOLEULXP DQG WKH FRQFHSW RI WHPSHUDWXUH� ]HURWK ODZ RI
WKHUPRG\QDPLFV� KHDW� ZRUN DQG LQWHUQDO HQHUJ\� 7KH ILUVW ODZ RI
WKHUPRG\QDPLFV� LVRWKHUPDO DQG DGLDEDWLF SURFHVVHV� 7KH VHFRQG ODZ RI
WKHUPRG\QDPLFV� UHYHUVLEOH DQG LUUHYHUVLEOH SURFHVVHV�

81,7 �� .LQHWLF 7KHRU\ RI *DVHV

(TXDWLRQ RI VWDWH RI D SHUIHFW JDV� ZRUN GRQH RQ FRPSUHVVLQJ D JDV� NLQHWLF
WKHRU\ RI JDVHV� DVVXPSWLRQV� WKH FRQFHSW RI SUHVVXUH� NLQHWLF LQWHUSUHWDWLRQ RI
WHPSHUDWXUH� 506 VSHHG RI JDV PROHFXOHV� GHJUHHV RI IUHHGRP� ODZ RI
HTXLSDUWLWLRQ RI HQHUJ\ DQG DSSOLFDWLRQV WR VSHFLILF KHDW FDSDFLWLHV RI JDVHV�
PHDQ IUHH SDWK� $YRJDGUR
V QXPEHU�

81,7 ��� 2VFLOODWLRQV DQG :DYHV

2VFLOODWLRQV DQG SHULRGLF PRWLRQ� WLPH SHULRG� IUHTXHQF\� GLVSODFHPHQW DV D
IXQFWLRQ RI WLPH� SHULRGLF IXQFWLRQV� 6LPSOH KDUPRQLF PRWLRQ �6�+�0�� DQG LWV
HTXDWLRQ� SKDVH� RVFLOODWLRQV RI D VSULQJ� UHVWRULQJ IRUFH DQG IRUFH FRQVWDQW�
HQHUJ\ LQ 6�+�0�� NLQHWLF DQG SRWHQWLDO HQHUJLHV� VLPSOH SHQGXOXP� GHULYDWLRQ
RI H[SUHVVLRQ IRU LWV WLPH SHULRG�

:DYH PRWLRQ� ORQJLWXGLQDO DQG WUDQVYHUVH ZDYHV� VSHHG RI WKH WUDYHOOLQJ ZDYH�
GLVSODFHPHQW UHODWLRQ IRU D SURJUHVVLYH ZDYH� SULQFLSOH RI VXSHUSRVLWLRQ RI
ZDYHV� UHIOHFWLRQ RI ZDYHV� VWDQGLQJ ZDYHV LQ VWULQJV DQG RUJDQ SLSHV�
IXQGDPHQWDO PRGH DQG KDUPRQLFV� EHDWV�

81,7 ��� (OHFWURVWDWLFV

(OHFWULF FKDUJHV� FRQVHUYDWLRQ RI FKDUJH� &RXORPE
V ODZ IRUFHV EHWZHHQ WZR
SRLQW FKDUJHV� IRUFHV EHWZHHQ PXOWLSOH FKDUJHV� VXSHUSRVLWLRQ SULQFLSOH DQG
FRQWLQXRXV FKDUJH GLVWULEXWLRQ�

(OHFWULF ILHOG� HOHFWULF ILHOG GXH WR D SRLQW FKDUJH� HOHFWULF ILHOG OLQHV� HOHFWULF
GLSROH� HOHFWULF ILHOG GXH WR D GLSROH� WRUTXH RQ D GLSROH LQ D XQLIRUP HOHFWULF
ILHOG�
(OHFWULF IOX[� *DXVV
V ODZ DQG LWV DSSOLFDWLRQV WR ILQG ILHOG GXH WR LQILQLWHO\ ORQJ
XQLIRUPO\ FKDUJHG VWUDLJKW ZLUH� XQLIRUPO\ FKDUJHG LQILQLWH SODQH VKHHW DQG
XQLIRUPO\ FKDUJHG WKLQ VSKHULFDO VKHOO�
(OHFWULF SRWHQWLDO DQG LWV FDOFXODWLRQ IRU D SRLQW FKDUJH� HOHFWULF GLSROH DQG
V\VWHP RI FKDUJHV� SRWHQWLDO GLIIHUHQFH� HTXLSRWHQWLDO VXUIDFHV� HOHFWULFDO
SRWHQWLDO HQHUJ\ RI D V\VWHP RI WZR SRLQW FKDUJHV DQG RI HOHFWULF GLSROH LQ DQ
HOHFWURVWDWLF ILHOG�

&RQGXFWRUV DQG LQVXODWRUV� GLHOHFWULFV DQG HOHFWULF SRODUL]DWLRQ� FDSDFLWRUV DQG
FDSDFLWDQFH� WKH FRPELQDWLRQ RI FDSDFLWRUV LQ VHULHV DQG SDUDOOHO DQG FDSDFLWDQFH
RI D SDUDOOHO SODWH FDSDFLWRU ZLWK DQG ZLWKRXW GLHOHFWULF PHGLXP EHWZHHQ WKH
SODWHV� HQHUJ\ VWRUHG LQ D FDSDFLWRU�



81,7 ��� &XUUHQW (OHFWULFLW\

(OHFWULF FXUUHQW� GULIW YHORFLW\� PRELOLW\ DQG WKHLU UHODWLRQ ZLWK HOHFWULF FXUUHQW�
2KP
V ODZ� HOHFWULFDO UHVLVWDQFH� ,�9 FKDUDFWHULVWLFV RI 2KPLF DQG QRQ�RKPLF
FRQGXFWRUV� HOHFWULFDO HQHUJ\ DQG SRZHU� HOHFWULFDO UHVLVWLYLW\ DQG FRQGXFWLYLW\�
VHULHV DQG SDUDOOHO FRPELQDWLRQV RI UHVLVWRUV� WHPSHUDWXUH GHSHQGHQFH RI
UHVLVWDQFH�

,QWHUQDO UHVLVWDQFH� SRWHQWLDO GLIIHUHQFH DQG HPI RI D FHOO� D FRPELQDWLRQ RI FHOOV
LQ VHULHV DQG SDUDOOHO�

.LUFKKRII¶V ODZV DQG WKHLU DSSOLFDWLRQV� :KHDWVWRQH EULGJH� 0HWUH %ULGJH�

81,7 ��� 0DJQHWLF (IIHFWV RI &XUUHQW DQG 0DJQHWLVP
%LRW � 6DYDUW ODZ DQG LWV DSSOLFDWLRQ WR WKH FXUUHQW FDUU\LQJ FLUFXODU ORRS�
$PSHUH
V ODZ DQG LWV DSSOLFDWLRQV WR LQILQLWHO\ ORQJ FXUUHQW FDUU\LQJ VWUDLJKW
ZLUH DQG VROHQRLG�
)RUFH RQ D PRYLQJ FKDUJH LQ XQLIRUP PDJQHWLF DQG HOHFWULF ILHOGV� IRUFH RQ D
FXUUHQW�FDUU\LQJ FRQGXFWRU LQ D XQLIRUP PDJQHWLF ILHOG� WKH IRUFH EHWZHHQ WZR
SDUDOOHO FXUUHQWV FDUU\LQJ FRQGXFWRUV�GHILQLWLRQ RI DPSHUH� WRUTXH H[SHULHQFHG
E\ D FXUUHQW ORRS LQ D XQLIRUP PDJQHWLF ILHOG� 0RYLQJ FRLO JDOYDQRPHWHU� LWV
VHQVLWLYLW\ DQG FRQYHUVLRQ WR DPPHWHU DQG YROWPHWHU�

&XUUHQW ORRS DV D PDJQHWLF GLSROH DQG LWV PDJQHWLF GLSROH PRPHQW� EDU PDJQHW DV
DQ HTXLYDOHQW VROHQRLG� PDJQHWLF ILHOG OLQHV� PDJQHWLF ILHOG GXH WR D PDJQHWLF
GLSROH �EDU PDJQHW� DORQJ LWV D[LV DQG SHUSHQGLFXODU WR LWV D[LV� WRUTXH RQ D
PDJQHWLF GLSROH LQ D XQLIRUP PDJQHWLF ILHOG� SDUD�� GLD� DQG IHUURPDJQHWLF
VXEVWDQFHV ZLWK H[DPSOHV� WKH HIIHFW RI WHPSHUDWXUH RQ PDJQHWLF SURSHUWLHV�

81,7 ��� (OHFWURPDJQHWLF ,QGXFWLRQ DQG $OWHUQDWLQJ &XUUHQWV
(OHFWURPDJQHWLF LQGXFWLRQ� )DUDGD\
V ODZ� LQGXFHG HPI DQG FXUUHQW� /HQ]¶V ODZ�
HGG\ FXUUHQWV� VHOI DQG PXWXDO LQGXFWDQFH�
$OWHUQDWLQJ FXUUHQWV� SHDN DQG 506 YDOXH RI DOWHUQDWLQJ FXUUHQW�YROWDJH�
UHDFWDQFH DQG LPSHGDQFH� /&5 VHULHV FLUFXLW� UHVRQDQFH� SRZHU LQ $& FLUFXLWV�
ZDWWOHVV FXUUHQW� $& JHQHUDWRU DQG WUDQVIRUPHU�

81,7 ��� (OHFWURPDJQHWLF :DYHV

'LVSODFHPHQW FXUUHQW� HOHFWURPDJQHWLF ZDYHV DQG WKHLU FKDUDFWHULVWLFV�
WUDQVYHUVH QDWXUH RI HOHFWURPDJQHWLF ZDYHV� HOHFWURPDJQHWLF VSHFWUXP �UDGLR
ZDYHV� PLFURZDYHV� LQIUDUHG� YLVLEOH� XOWUDYLROHW� ;�UD\V� *DPPD UD\V��
DSSOLFDWLRQV RI HOHFWURPDJQHWLF ZDYHV�

81,7 ��� 2SWLFV

5HIOHFWLRQ RI OLJKW� VSKHULFDO PLUURUV� PLUURU IRUPXOD� 5HIUDFWLRQ RI OLJKW DW
SODQH DQG VSKHULFDO VXUIDFHV� WKLQ OHQV IRUPXOD DQG OHQV PDNHU IRUPXOD� WRWDO
LQWHUQDO UHIOHFWLRQ DQG LWV DSSOLFDWLRQV� PDJQLILFDWLRQ� SRZHU RI D OHQV�
FRPELQDWLRQ RI WKLQ OHQVHV LQ FRQWDFW� UHIUDFWLRQ RI OLJKW WKURXJK D SULVP�
PLFURVFRSH DQG DVWURQRPLFDO WHOHVFRSH �UHIOHFWLQJ DQG UHIUDFWLQJ � DQG WKHLU
PDJQLI\LQJ SRZHUV�

:DYH RSWLFV� ZDYHIURQW DQG +X\JHQV µ3ULQFLSOH� ODZV RI UHIOHFWLRQ DQG
UHIUDFWLRQ XVLQJ +X\JHQV SULQFLSOH� ,QWHUIHUHQFH� <RXQJ
V GRXEOH�VOLW
H[SHULPHQW DQG H[SUHVVLRQ IRU IULQJH ZLGWK� FRKHUHQW VRXUFHV DQG VXVWDLQHG
LQWHUIHUHQFH RI OLJKW� 'LIIUDFWLRQ GXH WR D VLQJOH VOLW� ZLGWK RI FHQWUDO PD[LPXP�
3RODUL]DWLRQ� SODQH�SRODUL]HG OLJKW� %UHZVWHU
V ODZ� XVHV RI SODQH� SRODUL]HG
OLJKW DQG 3RODURLG�



81,7 ��� 'XDO 1DWXUH RI 0DWWHU DQG 5DGLDWLRQ
'XDO QDWXUH RI UDGLDWLRQ� 3KRWRHOHFWULF HIIHFW� +HUW] DQG /HQDUG
V REVHUYDWLRQV�
(LQVWHLQ
V SKRWRHOHFWULF HTXDWLRQ� SDUWLFOH QDWXUH RI OLJKW� 0DWWHU ZDYHV� ZDYH
QDWXUH RI SDUWLFOH� GH� %URJOLH UHODWLRQ�

81,7 ��� $WRPV DQG 1XFOHL

$OSKD�SDUWLFOH VFDWWHULQJ H[SHULPHQW� 5XWKHUIRUG
V PRGHO RI DWRP� %RKU PRGHO�
HQHUJ\ OHYHOV� K\GURJHQ VSHFWUXP� &RPSRVLWLRQ DQG VL]H RI QXFOHXV� DWRPLF
PDVVHV� PDVV�HQHUJ\ UHODWLRQ� PDVV GHIHFW� ELQGLQJ HQHUJ\ SHU QXFOHRQ DQG LWV
YDULDWLRQ ZLWK PDVV QXPEHU� QXFOHDU ILVVLRQ DQG IXVLRQ�

81,7 ��� (OHFWURQLF 'HYLFHV

6HPLFRQGXFWRUV� VHPLFRQGXFWRU GLRGH� ,�9 FKDUDFWHULVWLFV LQ IRUZDUG DQG
UHYHUVH ELDV� GLRGH DV D UHFWLILHU� ,�9 FKDUDFWHULVWLFV RI /('� WKH SKRWRGLRGH�
VRODU FHOO� =HQHU GLRGH� =HQHU GLRGH DV D YROWDJH UHJXODWRU�

/RJLF JDWHV �25� $1'� 127� 1$1' DQG 125��

81,7 ��� ([SHULPHQWDO 6NLOOV

)DPLOLDULW\ ZLWK WKH EDVLF DSSURDFK DQG REVHUYDWLRQV RI WKH H[SHULPHQWV DQG
DFWLYLWLHV�
�� 9HUQLHU FDOLSHUV �LWV XVH WR PHDVXUH WKH LQWHUQDO DQG H[WHUQDO GLDPHWHU DQG

GHSWK RI D YHVVHO�
�� 6FUHZ JDXJH�LWV XVH WR GHWHUPLQH WKH WKLFNQHVV� GLDPHWHU RI WKLQ VKHHW�ZLUH�
�� 6LPSOH SHQGXOXP�GLVVLSDWLRQ RI HQHUJ\ E\ SORWWLQJ D JUDSK EHWZHHQ WKH

VTXDUH RI DPSOLWXGH DQG WLPH�
�� 0HWUH VFDOH � WKH PDVV RI D JLYHQ REMHFW E\ WKH SULQFLSOH RI PRPHQWV�
�� <RXQJ
V PRGXOXV RI HODVWLFLW\ RI WKH PDWHULDO RI D PHWDOOLF ZLUH�
�� 6XUIDFH WHQVLRQ RI ZDWHU E\ FDSLOODU\ ULVH DQG HIIHFW RI GHWHUJHQWV�
�� &R�HIILFLHQW RI YLVFRVLW\ RI D JLYHQ YLVFRXV OLTXLG E\ PHDVXULQJ WKH

WHUPLQDO YHORFLW\ RI D JLYHQ VSKHULFDO ERG\�
�� 6SHHG RI VRXQG LQ DLU DW URRP WHPSHUDWXUH XVLQJ D UHVRQDQFH WXEH�
�� 6SHFLILF KHDW FDSDFLW\ RI D JLYHQ �L� VROLG DQG �LL� OLTXLG E\ PHWKRG RI

PL[WXUHV�
��� 7KH UHVLVWLYLW\ RI WKH PDWHULDO RI D JLYHQ ZLUH XVLQJ D PHWUH EULGJH�
��� 7KH UHVLVWDQFH RI D JLYHQ ZLUH XVLQJ 2KP
V ODZ�
��� 5HVLVWDQFH DQG ILJXUH RI PHULW RI D JDOYDQRPHWHU E\ KDOI GHIOHFWLRQ PHWKRG�
��� 7KH IRFDO OHQJWK RI
�L� &RQYH[ PLUURU
�LL� &RQFDYH PLUURU DQG
�LLL�&RQYH[ OHQV� XVLQJ WKH SDUDOOD[ PHWKRG�
��� 7KH SORW RI WKH DQJOH RI GHYLDWLRQ YV DQJOH RI LQFLGHQFH IRU D WULDQJXODU

SULVP�
��� 7KH UHIUDFWLYH LQGH[ RI D JODVV VODE XVLQJ D WUDYHOOLQJ PLFURVFRSH�
��� &KDUDFWHULVWLF FXUYHV RI D S�Q MXQFWLRQ GLRGH LQ IRUZDUG DQG UHYHUVH ELDV�
��� &KDUDFWHULVWLF FXUYHV RI D =HQHU GLRGH DQG ILQGLQJ UHYHUVH EUHDNGRZQ

YROWDJH�
��� ,GHQWLILFDWLRQ RI GLRGH� /('� UHVLVWRU� D FDSDFLWRU IURP D PL[HG FROOHFWLRQ

RI VXFK LWHPV



&+(0,675<

3+<6,&$/ &+(0,675<

81,7 ,� 620( %$6,& &21&(376 ,1 &+(0,675<

0DWWHU DQG LWV QDWXUH� 'DOWRQ
V DWRPLF WKHRU\� &RQFHSW RI DWRP� PROHFXOH� HOHPHQW DQG FRPSRXQG� /DZV RI
FKHPLFDO FRPELQDWLRQ� $WRPLF DQG PROHFXODU PDVVHV� PROH FRQFHSW� PRODU PDVV� SHUFHQWDJH FRPSRVLWLRQ�
HPSLULFDO DQG PROHFXODU IRUPXODH� &KHPLFDO HTXDWLRQV DQG VWRLFKLRPHWU\�

81,7 �� $720,& 6758&785(

1DWXUH RI HOHFWURPDJQHWLF UDGLDWLRQ� SKRWRHOHFWULF HIIHFW� VSHFWUXP RI WKH K\GURJHQ DWRP� %RKU PRGHO RI D
K\GURJHQ DWRP � LWV SRVWXODWHV� GHULYDWLRQ RI WKH UHODWLRQV IRU WKH HQHUJ\ RI WKH HOHFWURQ DQG UDGLL RI WKH
GLIIHUHQW RUELWV� OLPLWDWLRQV RI %RKU
V PRGHO� GXDO QDWXUH RI PDWWHU� GH %URJOLH
V UHODWLRQVKLS� +HLVHQEHUJ
XQFHUWDLQW\ SULQFLSOH� HOHPHQWDU\ LGHDV RI TXDQWXP PHFKDQLFV� WKH TXDQWXP PHFKDQLFDO PRGHO RI WKH DWRP
DQG LWV LPSRUWDQW IHDWXUHV� FRQFHSW RI DWRPLF RUELWDOV DV RQH�HOHFWURQ ZDYH IXQFWLRQV� YDULDWLRQ RI 𝜓 DQG 𝜓
� ZLWK U IRU �V DQG �V RUELWDOV� YDULRXV TXDQWXP QXPEHUV �SULQFLSDO� DQJXODU PRPHQWXP DQG PDJQHWLF
TXDQWXP QXPEHUV� DQG WKHLU VLJQLILFDQFH� VKDSHV RI V� S DQG G � RUELWDOV� HOHFWURQ VSLQ DQG VSLQ TXDQWXP
QXPEHU� UXOHV IRU ILOOLQJ HOHFWURQV LQ RUELWDOV ± $XIEDX SULQFLSOH� 3DXOL
V H[FOXVLRQ SULQFLSOH DQG +XQG
V
UXOH� HOHFWURQLF FRQILJXUDWLRQ RI HOHPHQWV DQG H[WUD VWDELOLW\ RI KDOI�ILOOHG DQG FRPSOHWHO\ ILOOHG RUELWDOV�

81,7 �� &+(0,&$/ %21',1* $1' 02/(&8/$5 6758&785(

.RVVHO�/HZLV DSSURDFK WR FKHPLFDO ERQG IRUPDWLRQ� WKH FRQFHSW RI LRQLF DQG FRYDOHQW ERQGV�

,RQLF %RQGLQJ� )RUPDWLRQ RI LRQLF ERQGV� IDFWRUV DIIHFWLQJ WKH IRUPDWLRQ RI LRQLF ERQGV� FDOFXODWLRQ RI
ODWWLFH HQWKDOS\�

&RYDOHQW %RQGLQJ� &RQFHSW RI HOHFWURQHJDWLYLW\� )DMDQ¶V UXOH� GLSROH PRPHQW� 9DOHQFH 6KHOO (OHFWURQ 3DLU
5HSXOVLRQ �96(35 � WKHRU\ DQG VKDSHV RI VLPSOH PROHFXOHV�

4XDQWXP PHFKDQLFDO DSSURDFK WR FRYDOHQW ERQGLQJ� 9DOHQFH ERQG WKHRU\ � LWV LPSRUWDQW IHDWXUHV� WKH
FRQFHSW RI K\EULGL]DWLRQ LQYROYLQJ V� S DQG G RUELWDOV� UHVRQDQFH�

0ROHFXODU 2UELWDO 7KHRU\ � ,WV LPSRUWDQW IHDWXUHV� /&$2V� W\SHV RI PROHFXODU RUELWDOV �ERQGLQJ�
DQWLERQGLQJ�� VLJPD DQG SL�ERQGV� PROHFXODU RUELWDO HOHFWURQLF FRQILJXUDWLRQV RI KRPRQXFOHDU GLDWRPLF
PROHFXOHV� WKH FRQFHSW RI ERQG RUGHU� ERQG OHQJWK DQG ERQG HQHUJ\�

(OHPHQWDU\ LGHD RI PHWDOOLF ERQGLQJ� K\GURJHQ ERQGLQJ DQG LWV DSSOLFDWLRQV�

81,7 �� &+(0,&$/ 7+(502'<1$0,&6

)XQGDPHQWDOV RI WKHUPRG\QDPLFV� 6\VWHP DQG VXUURXQGLQJV� H[WHQVLYH DQG LQWHQVLYH SURSHUWLHV� VWDWH
IXQFWLRQV� HQWURS\� W\SHV RI SURFHVVHV�

7KH ILUVW ODZ RI WKHUPRG\QDPLFV � &RQFHSW RI ZRUN� KHDW� LQWHUQDO HQHUJ\ DQG HQWKDOS\� KHDW FDSDFLW\�
PRODU KHDW FDSDFLW\� +HVV¶V ODZ RI FRQVWDQW KHDW VXPPDWLRQ� (QWKDOSLHV RI ERQG GLVVRFLDWLRQ�
FRPEXVWLRQ� IRUPDWLRQ� DWRPL]DWLRQ� VXEOLPDWLRQ� SKDVH WUDQVLWLRQ� K\GUDWLRQ� LRQL]DWLRQ DQG VROXWLRQ�

7KH VHFRQG ODZ RI WKHUPRG\QDPLFV � 6SRQWDQHLW\ RI SURFHVVHV� Δ6 RI WKH XQLYHUVH DQG Δ* RI WKH
V\VWHP DV FULWHULD IRU VSRQWDQHLW\� Δ*°�6WDQGDUG *LEEV HQHUJ\ FKDQJH� DQG HTXLOLEULXP FRQVWDQW�

81,7 �� 62/87,216

'LIIHUHQW PHWKRGV IRU H[SUHVVLQJ WKH FRQFHQWUDWLRQ RI VROXWLRQ � PRODOLW\� PRODULW\� PROH IUDFWLRQ�
SHUFHQWDJH �E\ YROXPH DQG PDVV ERWK�� WKH YDSRXU SUHVVXUH RI VROXWLRQV DQG 5DRXOW
V /DZ � ,GHDO DQG QRQ�
LGHDO VROXWLRQV� YDSRXU SUHVVXUH � FRPSRVLWLRQ� SORWV IRU LGHDO DQG QRQ� LGHDO VROXWLRQV� &ROOLJDWLYH
SURSHUWLHV RI GLOXWH VROXWLRQV � D UHODWLYH ORZHULQJ RI YDSRXU SUHVVXUH� GHSUHVVLRQ RI IUHH]LQJ SRLQW� WKH
HOHYDWLRQ RI ERLOLQJ SRLQW DQG RVPRWLF SUHVVXUH� GHWHUPLQDWLRQ RI PROHFXODU PDVV XVLQJ FROOLJDWLYH
SURSHUWLHV� DEQRUPDO YDOXH RI PRODU PDVV� YDQ¶W +RII IDFWRU DQG LWV VLJQLILFDQFH�



81,7 �� (48,/,%5,80

0HDQLQJ RI HTXLOLEULXP LV WKH FRQFHSW RI G\QDPLF HTXLOLEULXP�

(TXLOLEULD LQYROYLQJ SK\VLFDO SURFHVVHV� 6ROLG�OLTXLG� OLTXLG�JDV� JDV�JDV DQG VROLG�JDV HTXLOLEULD�
+HQU\
V ODZ� *HQHUDO FKDUDFWHULVWLFV RI HTXLOLEULXP LQYROYLQJ SK\VLFDO SURFHVVHV�

(TXLOLEULXP LQYROYLQJ FKHPLFDO SURFHVVHV� /DZ RI FKHPLFDO HTXLOLEULXP� HTXLOLEULXP FRQVWDQWV �.S DQG
.F� DQG WKHLU VLJQLILFDQFH� WKH VLJQLILFDQFH RI Δ* DQG Δ* ° LQ FKHPLFDO HTXLOLEULXP� IDFWRUV DIIHFWLQJ
HTXLOLEULXP FRQFHQWUDWLRQ� SUHVVXUH� WHPSHUDWXUH� WKH HIIHFW RI FDWDO\VW� /H &KDWHOLHU¶V SULQFLSOH�

,RQLF HTXLOLEULXP�:HDN DQG VWURQJ HOHFWURO\WHV� LRQL]DWLRQ RI HOHFWURO\WHV� YDULRXV FRQFHSWV RI DFLGV DQG
EDVHV �$UUKHQLXV� %URQVWHG � /RZU\ DQG /HZLV� DQG WKHLU LRQL]DWLRQ� DFLG�EDVH HTXLOLEULD �LQFOXGLQJ
PXOWLVWDJH LRQL]DWLRQ� DQG LRQL]DWLRQ FRQVWDQWV� LRQL]DWLRQ RI ZDWHU� S+ VFDOH� FRPPRQ LRQ HIIHFW�
K\GURO\VLV RI VDOWV DQG S+ RI WKHLU VROXWLRQV� WKH VROXELOLW\ RI VSDULQJO\ VROXEOH VDOWV� VROXELOLW\ SURGXFWV
DQG EXIIHU VROXWLRQV�

81,7 �� 5('2; 5($&7,216 $1' (/(&752&+(0,675<

(OHFWURQLF FRQFHSWV RI R[LGDWLRQ DQG UHGXFWLRQ� UHGR[ UHDFWLRQV� R[LGDWLRQ QXPEHU� UXOHV IRU DVVLJQLQJ
R[LGDWLRQ QXPEHU DQG EDODQFLQJ RI UHGR[ UHDFWLRQV�

(OHFWURO\WLF DQG PHWDOOLF FRQGXFWLRQ� FRQGXFWDQFH LQ HOHFWURO\WLF VROXWLRQV� PRODU FRQGXFWLYLWLHV DQG WKHLU
YDULDWLRQ ZLWK FRQFHQWUDWLRQ� .RKOUDXVFK¶V ODZ DQG LWV DSSOLFDWLRQV�

(OHFWURFKHPLFDO FHOOV � (OHFWURO\WLF DQG *DOYDQLF FHOOV� GLIIHUHQW W\SHV RI HOHFWURGHV� HOHFWURGH SRWHQWLDOV
LQFOXGLQJ VWDQGDUG HOHFWURGH SRWHQWLDO� KDOI�FHOO DQG FHOO UHDFWLRQV� HPI RI D *DOYDQLF FHOO DQG LWV
PHDVXUHPHQW� 1HUQVW HTXDWLRQ DQG LWV DSSOLFDWLRQV� UHODWLRQVKLS EHWZHHQ FHOO SRWHQWLDO DQG *LEEV
 HQHUJ\
FKDQJH� GU\ FHOO DQG OHDG DFFXPXODWRU� IXHO FHOOV�

81,7 �� &+(0,&$/ .,1(7,&6

5DWH RI D FKHPLFDO UHDFWLRQ� IDFWRUV DIIHFWLQJ WKH UDWH RI UHDFWLRQV� FRQFHQWUDWLRQ� WHPSHUDWXUH� SUHVVXUH
DQG FDWDO\VW� HOHPHQWDU\ DQG FRPSOH[ UHDFWLRQV� RUGHU DQG PROHFXODULW\ RI UHDFWLRQV� UDWH ODZ� UDWH
FRQVWDQW DQG LWV XQLWV� GLIIHUHQWLDO DQG LQWHJUDO IRUPV RI ]HUR DQG ILUVW�RUGHU UHDFWLRQV� WKHLU
FKDUDFWHULVWLFV DQG KDOI�OLYHV� WKH HIIHFW RI WHPSHUDWXUH RQ WKH UDWH RI UHDFWLRQV� $UUKHQLXV WKHRU\�
DFWLYDWLRQ HQHUJ\ DQG LWV FDOFXODWLRQ� FROOLVLRQ WKHRU\ RI EL�PROHFXODU JDVHRXV UHDFWLRQV �QR GHULYDWLRQ��

,125*$1,& &+(0,675<

81,7 �� &/$66,),&$7,21 2) (/(0(176 $1' 3(5,2',&,7< ,1 3523(57,(6

0RGHUQ SHULRGLF ODZ DQG SUHVHQW IRUP RI WKH SHULRGLF WDEOH� V� S� G DQG I EORFN HOHPHQWV� SHULRGLF WUHQGV LQ
SURSHUWLHV RI HOHPHQWV DWRPLF DQG LRQLF UDGLL� LRQL]DWLRQ HQWKDOS\� HOHFWURQ JDLQ HQWKDOS\� YDOHQFH�
R[LGDWLRQ VWDWHV DQG FKHPLFDO UHDFWLYLW\�

81,7 ��� S� %/2&. (/(0(176

*URXS ��� WR *URXS �� (OHPHQWV

*HQHUDO ,QWURGXFWLRQ� (OHFWURQLF FRQILJXUDWLRQ DQG JHQHUDO WUHQGV LQ SK\VLFDO DQG FKHPLFDO SURSHUWLHV RI
HOHPHQWV DFURVV WKH SHULRGV DQG GRZQ WKH JURXSV� XQLTXH EHKDYLRXU RI WKH ILUVW HOHPHQW LQ HDFK JURXS�

81,7 ��� G � DQG I� %/2&. (/(0(176

7UDQVLWLRQ (OHPHQWV � *HQHUDO LQWURGXFWLRQ� HOHFWURQLF FRQILJXUDWLRQ� RFFXUUHQFH DQG FKDUDFWHULVWLFV�
JHQHUDO WUHQGV LQ SURSHUWLHV RI WKH ILUVW�URZ WUDQVLWLRQ HOHPHQWV � SK\VLFDO SURSHUWLHV� LRQL]DWLRQ HQWKDOS\�
R[LGDWLRQ VWDWHV� DWRPLF UDGLL� FRORXU� FDWDO\WLF EHKDYLRXU� PDJQHWLF SURSHUWLHV� FRPSOH[ IRUPDWLRQ�
LQWHUVWLWLDO FRPSRXQGV� DOOR\ IRUPDWLRQ� SUHSDUDWLRQ� SURSHUWLHV DQG XVHV RI .�&U�2� DQG .0Q2��

,QQHU 7UDQVLWLRQ (OHPHQWV

/DQWKDQRLGV � (OHFWURQLF FRQILJXUDWLRQ� R[LGDWLRQ VWDWHV DQG /DQWKDQRLG FRQWUDFWLRQ�



$FWLQRLGV � (OHFWURQLF FRQILJXUDWLRQ DQG R[LGDWLRQ VWDWHV�

81,7 ��� &225',1$7,21 &203281'6

,QWURGXFWLRQ WR FRRUGLQDWLRQ FRPSRXQGV� :HUQHU
V WKHRU\� OLJDQGV� FRRUGLQDWLRQ QXPEHU� GHQWLFLW\�
FKHODWLRQ� ,83$& QRPHQFODWXUH RI PRQRQXFOHDU FR�RUGLQDWLRQ FRPSRXQGV� LVRPHULVP� %RQGLQJ� 9DOHQFH
ERQG DSSURDFK DQG EDVLF LGHDV RI &U\VWDO ILHOG WKHRU\� FRORXU DQG PDJQHWLF SURSHUWLHV� LPSRUWDQFH RI
FRRUGLQDWLRQ FRPSRXQGV �LQ TXDOLWDWLYH DQDO\VLV� H[WUDFWLRQ RI PHWDOV DQG LQ ELRORJLFDO V\VWHPV��

25*$1,& &+(0,675<

81,7 ��� 385,),&$7,21 $1' &+$5$&7(5,6$7,21 2) 25*$1,& &203281'6

3XULILFDWLRQ � &U\VWDOOL]DWLRQ� VXEOLPDWLRQ� GLVWLOODWLRQ� GLIIHUHQWLDO H[WUDFWLRQ DQG FKURPDWRJUDSK\ �
SULQFLSOHV DQG WKHLU DSSOLFDWLRQV�

4XDOLWDWLYH DQDO\VLV � 'HWHFWLRQ RI QLWURJHQ� VXOSKXU� SKRVSKRUXV DQG KDORJHQV�
4XDQWLWDWLYH DQDO\VLV �EDVLF SULQFLSOHV RQO\� � (VWLPDWLRQ RI FDUERQ� K\GURJHQ� QLWURJHQ� KDORJHQV�
VXOSKXU DQG SKRVSKRUXV�

&DOFXODWLRQV RI HPSLULFDO IRUPXODH DQG PROHFXODU IRUPXODH� QXPHULFDO SUREOHPV LQ RUJDQLF TXDQWLWDWLYH
DQDO\VLV�

81,7 ��� 620( %$6,& 35,1&,3/(6 2) 25*$1,& &+(0,675<

7HWUDYDOHQF\ RI FDUERQ� VKDSHV RI VLPSOH PROHFXOHV � K\EULGL]DWLRQ �V DQG S�� FODVVLILFDWLRQ RI RUJDQLF
FRPSRXQGV EDVHG RQ IXQFWLRQDO JURXSV DQG WKRVH FRQWDLQLQJ KDORJHQV� R[\JHQ� QLWURJHQ DQG VXOSKXU�
KRPRORJRXV VHULHV� ,VRPHULVP � VWUXFWXUDO DQG VWHUHRLVRPHULVP�

1RPHQFODWXUH �7ULYLDO DQG ,83$&�

&RYDOHQW ERQG ILVVLRQ � +RPRO\WLF DQG KHWHURO\WLF� IUHH UDGLFDOV� FDUERFDWLRQV DQG FDUEDQLRQV� VWDELOLW\ RI
FDUERFDWLRQV DQG IUHH UDGLFDOV� HOHFWURSKLOHV DQG QXFOHRSKLOHV�

(OHFWURQLF GLVSODFHPHQW LQ D FRYDOHQW ERQG

� ,QGXFWLYH HIIHFW� HOHFWURPHULF HIIHFW� UHVRQDQFH DQG K\SHUFRQMXJDWLRQ�

&RPPRQ W\SHV RI RUJDQLF UHDFWLRQV� 6XEVWLWXWLRQ� DGGLWLRQ� HOLPLQDWLRQ DQG UHDUUDQJHPHQW�

81,76���+<'52&$5%216

&ODVVLILFDWLRQ� LVRPHULVP� ,83$& QRPHQFODWXUH� JHQHUDO PHWKRGV RI SUHSDUDWLRQ� SURSHUWLHV DQG UHDFWLRQV�

$ONDQHV � &RQIRUPDWLRQV� 6DZKRUVH DQG 1HZPDQ SURMHFWLRQV �RI HWKDQH�� PHFKDQLVP RI KDORJHQDWLRQ RI
DONDQHV�

$ONHQHV � *HRPHWULFDO LVRPHULVP� PHFKDQLVP RI HOHFWURSKLOLF DGGLWLRQ� DGGLWLRQ RI K\GURJHQ� KDORJHQV�
ZDWHU� K\GURJHQ KDOLGHV �0DUNRZQLNRIIV DQG SHUR[LGH HIIHFW�� 2]RQRO\VLV DQG SRO\PHUL]DWLRQ�

$ON\QHV � $FLGLF FKDUDFWHU� DGGLWLRQ RI K\GURJHQ� KDORJHQV� ZDWHU DQG K\GURJHQ KDOLGHV� SRO\PHUL]DWLRQ�

$URPDWLF K\GURFDUERQV � 1RPHQFODWXUH� EHQ]HQH � VWUXFWXUH DQG DURPDWLFLW\� PHFKDQLVP RI HOHFWURSKLOLF
VXEVWLWXWLRQ� KDORJHQDWLRQ� QLWUDWLRQ�

)ULHGHO�&UDIW
V DON\ODWLRQ DQG DF\ODWLRQ� GLUHFWLYH LQIOXHQFH RI WKH IXQFWLRQDO JURXS LQ PRQR� VXEVWLWXWHG
EHQ]HQH�

81,7 ��� 25*$1,& &203281'6 &217$,1,1* +$/2*(16

*HQHUDO PHWKRGV RI SUHSDUDWLRQ� SURSHUWLHV DQG UHDFWLRQV� QDWXUH RI &�; ERQG� PHFKDQLVPV RI
VXEVWLWXWLRQ UHDFWLRQV�

8VHV� HQYLURQPHQWDO HIIHFWV RI FKORURIRUP� LRGRIRUP� IUHRQV DQG ''7�



81,7 ��� 25*$1,& &203281'6 &217$,1,1* 2;<*(1

*HQHUDO PHWKRGV RI SUHSDUDWLRQ� SURSHUWLHV� UHDFWLRQV DQG XVHV�

$/&2+2/6�3+(12/6$1'(7+(56
$OFRKROV� ,GHQWLILFDWLRQ RI SULPDU\� VHFRQGDU\ DQG WHUWLDU\ DOFRKROV� PHFKDQLVP RI GHK\GUDWLRQ�

3KHQROV� $FLGLF QDWXUH� HOHFWURSKLOLF VXEVWLWXWLRQ UHDFWLRQV� KDORJHQDWLRQ� QLWUDWLRQ DQG VXOSKRQDWLRQ�
5HLPHU � 7LHPDQQ UHDFWLRQ�

(WKHUV� 6WUXFWXUH�

$OGHK\GH DQG .HWRQHV� 1DWXUH RI FDUERQ\O JURXS� QXFOHRSKLOLF DGGLWLRQ WR !& 2 JURXS� UHODWLYH
UHDFWLYLWLHV RI DOGHK\GHV DQG NHWRQHV� LPSRUWDQW UHDFWLRQV VXFK DV � 1XFOHRSKLOLF DGGLWLRQ UHDFWLRQV
�DGGLWLRQ RI +&1� 1+� DQG LWV GHULYDWLYHV�� *ULJQDUG UHDJHQW� R[LGDWLRQ� UHGXFWLRQ �:ROI .LVKQHU DQG
&OHPPHQVHQ�� WKH DFLGLW\ RI 𝛼 �K\GURJHQ� $OGRO FRQGHQVDWLRQ� &DQQL]]DUR UHDFWLRQ� +DORIRUP UHDFWLRQ�
FKHPLFDO WHVWV WR GLVWLQJXLVK EHWZHHQ DOGHK\GHV DQG NHWRQHV�

&DUER[\OLF $FLGV� $FLGLF VWUHQJWK DQG IDFWRUV DIIHFWLQJ LW�

81,7 ��� 25*$1,& &203281'6 &217$,1,1* 1,752*(1

*HQHUDO PHWKRGV RI SUHSDUDWLRQ� SURSHUWLHV� UHDFWLRQV DQG XVHV�

$PLQHV� 1RPHQFODWXUH� FODVVLILFDWLRQ� VWUXFWXUH� EDVLF FKDUDFWHU DQG LGHQWLILFDWLRQ RI SULPDU\� VHFRQGDU\
DQG WHUWLDU\ DPLQHV DQG WKHLU EDVLF FKDUDFWHU�

'LD]RQLXP 6DOWV� ,PSRUWDQFH LQ V\QWKHWLF RUJDQLF FKHPLVWU\�

81,7 ��� %,202/(&8/(6

*HQHUDO LQWURGXFWLRQ DQG LPSRUWDQFH RI ELRPROHFXOHV�

&$5%2+<'5$7(6 ± &ODVVLILFDWLRQ� DOGRVHV DQG NHWRVHV� PRQRVDFFKDULGHV �JOXFRVH DQG IUXFWRVH� DQG
FRQVWLWXHQW PRQRVDFFKDULGHV RI ROLJRVDFFKDULGHV �VXFURVH� ODFWRVH DQG PDOWRVH��

3527(,16 � (OHPHQWDU\ LGHD RI 𝛼 �DPLQR DFLGV� SHSWLGH ERQG� SRO\SHSWLGHV� SURWHLQV� SULPDU\�
VHFRQGDU\� WHUWLDU\ DQG TXDWHUQDU\ VWUXFWXUH �TXDOLWDWLYH LGHD RQO\�� GHQDWXUDWLRQ RI SURWHLQV� HQ]\PHV�

9,7$0,16 ± &ODVVLILFDWLRQ DQG IXQFWLRQV�

18&/(,& $&,'6 ± &KHPLFDO FRQVWLWXWLRQ RI '1$ DQG 51$� ELRORJLFDO IXQFWLRQV RI QXFOHLF DFLGV�

+RUPRQHV �*HQHUDO LQWURGXFWLRQ�

81,7 ��� 35,1&,3/(6 5(/$7(' 72 35$&7,&$/ &+(0,675<

'HWHFWLRQ RI H[WUD HOHPHQWV �1LWURJHQ� VXOSKXU� KDORJHQV� LQ RUJDQLF FRPSRXQGV� GHWHFWLRQ RI WKH
IROORZLQJ IXQFWLRQDO JURXSV� K\GUR[\O �DOFRKROLF DQG SKHQROLF�� FDUERQ\O �DOGHK\GH DQG NHWRQHV� FDUER[\O
DQG DPLQR JURXSV LQ RUJDQLF FRPSRXQGV�

x 7KH FKHPLVWU\ LQYROYHG LQ WKH SUHSDUDWLRQ RI WKH IROORZLQJ�

,QRUJDQLF FRPSRXQGV� 0RKU¶V VDOW� SRWDVK DOXP�

2UJDQLF FRPSRXQGV� $FHWDQLOLGH� S�QLWUR DFHWDQLOLGH� DQLOLQH \HOORZ� LRGRIRUP�

x 7KH FKHPLVWU\ LQYROYHG LQ WKH WLWULPHWULF H[HUFLVHV ± DFLGV� EDVHV DQG WKH XVH RI LQGLFDWRUV�
R[DOLF�DFLG YV .0Q2�� 0RKU¶V VDOW YV .0Q2�

x &KHPLFDO SULQFLSOHV LQYROYHG LQ WKH TXDOLWDWLYH VDOW DQDO\VLV�

&DWLRQV ± 3E��� &X��� $O��� )H��� =Q��� 1L��� &D��� %D��� 0J��� 1+��

$QLRQV� &2��í� 6��� 62��í� 12��� 12��� &O�� %U�� ,� � ,QVROXEOH VDOWV H[FOXGHG��

&KHPLFDO SULQFLSOHV LQYROYHG LQ WKH IROORZLQJ H[SHULPHQWV�



�� (QWKDOS\ RI VROXWLRQ RI &X62�

�� (QWKDOS\ RI QHXWUDOL]DWLRQ RI VWURQJ DFLG DQG VWURQJ EDVH�

�� 3UHSDUDWLRQ RI O\RSKLOLF DQG O\RSKRELF VROV�

�� .LQHWLF VWXG\ RI WKH UHDFWLRQ RI LRGLGH LRQV ZLWK K\GURJHQ SHUR[LGH DW URRP WHPSHUDWXUH�



6\OODEXV IRU -(( �0DLQ� 3DSHU �$ �%�$UFK�� � 0DWKHPDWLFV� $SWLWXGH 7HVW DQG 'UDZLQJ 7HVW

3DUW � , 0$7+(0$7,&6

81,7 �� 6(76� 5(/$7,216 $1' )81&7,216�

6HWV DQG WKHLU UHSUHVHQWDWLRQ� 8QLRQ� LQWHUVHFWLRQ DQG FRPSOHPHQW RI VHWV DQG WKHLU DOJHEUDLF SURSHUWLHV�
3RZHU VHW� 5HODWLRQV� W\SH RI UHODWLRQV� HTXLYDOHQFH UHODWLRQV� IXQFWLRQV� RQH�RQH� LQWR DQG RQWR IXQFWLRQV�
WKH FRPSRVLWLRQ RI IXQFWLRQV�

81,7 �� &203/(; 180%(56 $1' 48$'5$7,& (48$7,216�

&RPSOH[ QXPEHUV DV RUGHUHG SDLUV RI UHDOV� 5HSUHVHQWDWLRQ RI FRPSOH[ QXPEHUV LQ WKH IRUP D � LE DQG
WKHLU UHSUHVHQWDWLRQ LQ D SODQH� $UJDQG GLDJUDP� DOJHEUD RI FRPSOH[ QXPEHUV� PRGXOXV DQG DUJXPHQW �RU
DPSOLWXGH� RI D FRPSOH[ QXPEHU� 4XDGUDWLF HTXDWLRQV LQ UHDO DQG FRPSOH[ QXPEHU V\VWHPV DQG WKHLU
VROXWLRQV� 5HODWLRQV EHWZHHQ URRWV DQG FRHIILFLHQWV� QDWXUH RI URRWV� WKH IRUPDWLRQ RI TXDGUDWLF HTXDWLRQV
ZLWK JLYHQ URRWV�

81,7�� 0$75,&(6 $1' '(7(50,1$176�

0DWULFHV� DOJHEUD RI PDWULFHV� W\SH RI PDWULFHV� GHWHUPLQDQWV DQG PDWULFHV RI RUGHU WZR DQG WKUHH�
HYDOXDWLRQ RI GHWHUPLQDQWV� DUHD RI WULDQJOHV XVLQJ GHWHUPLQDQWV� $GMRLQW DQG LQYHUVH RI D VTXDUH PDWUL[�
7HVW RI FRQVLVWHQF\ DQG VROXWLRQ RI VLPXOWDQHRXV OLQHDU HTXDWLRQV LQ WZR RU WKUHH YDULDEOHV XVLQJ PDWULFHV�

81,7 �� 3(5087$7,216 $1' &20%,1$7,216�

7KH IXQGDPHQWDO SULQFLSOH RI FRXQWLQJ� SHUPXWDWLRQV DQG FRPELQDWLRQV� 0HDQLQJ RI 3�Q� U� DQG &�Q� U��
6LPSOH DSSOLFDWLRQV�

81,7 �� %,120,$/ 7+(25(0 $1' ,76 6,03/( $33/,&$7,216�

%LQRPLDO WKHRUHP IRU D SRVLWLYH LQWHJUDO LQGH[� JHQHUDO WHUP DQG PLGGOH WHUP DQG VLPSOH DSSOLFDWLRQV�

81,7 �� 6(48(1&( $1' 6(5,(6�

$ULWKPHWLF DQG *HRPHWULF SURJUHVVLRQV� LQVHUWLRQ RI DULWKPHWLF� JHRPHWULF PHDQV EHWZHHQ WZR JLYHQ
QXPEHUV� 5HODWLRQ EHWZHHQ $�0 DQG *�0�

81,7 �� /,0,7� &217,18,7< $1' ',))(5(17,$%,/,7<�

5HDO±YDOXHG IXQFWLRQV� DOJHEUD RI IXQFWLRQV� SRO\QRPLDO� UDWLRQDO� WULJRQRPHWULF� ORJDULWKPLF DQG
H[SRQHQWLDO IXQFWLRQV� LQYHUVH IXQFWLRQV� *UDSKV RI VLPSOH IXQFWLRQV� /LPLWV� FRQWLQXLW\ DQG
GLIIHUHQWLDELOLW\� 'LIIHUHQWLDWLRQ RI WKH VXP� GLIIHUHQFH� SURGXFW DQG TXRWLHQW RI WZR IXQFWLRQV�
'LIIHUHQWLDWLRQ RI WULJRQRPHWULF� LQYHUVH WULJRQRPHWULF� ORJDULWKPLF� H[SRQHQWLDO� FRPSRVLWH DQG LPSOLFLW
IXQFWLRQV� GHULYDWLYHV RI RUGHU XSWR WZR� $SSOLFDWLRQV RI GHULYDWLYHV� 5DWH RI FKDQJH RI TXDQWLWLHV�
PRQRWRQLF�,QFUHDVLQJ DQG GHFUHDVLQJ IXQFWLRQV� 0D[LPD DQG PLQLPD RI IXQFWLRQV RI RQH YDULDEOH�

81,7 �� ,17(*5$/ &$/&8/$6�
,QWHJUDO DV DQ DQWL�GHULYDWLYH� )XQGDPHQWDO LQWHJUDOV LQYROYLQJ DOJHEUDLF� WULJRQRPHWULF� H[SRQHQWLDO DQG
ORJDULWKPLF IXQFWLRQV� ,QWHJUDWLRQ E\ VXEVWLWXWLRQ� E\ SDUWV DQG E\ SDUWLDO IUDFWLRQV� ,QWHJUDWLRQ XVLQJ
WULJRQRPHWULF LGHQWLWLHV�
(YDOXDWLRQ RI VLPSOH LQWHJUDOV RI WKH W\SH

7KH IXQGDPHQWDO WKHRUHP RI FDOFXOXV� SURSHUWLHV RI GHILQLWH LQWHJUDOV� (YDOXDWLRQ RI GHILQLWH LQWHJUDOV�
GHWHUPLQLQJ DUHDV RI WKH UHJLRQV ERXQGHG E\ VLPSOH FXUYHV LQ VWDQGDUG IRUPV�



81,7 �� ',))5(17,$/ (48$7,216 �

2UGLQDU\ GLIIHUHQWLDO HTXDWLRQV� WKHLU RUGHU DQG GHJUHH� WKH VROXWLRQ RI GLIIHUHQWLDO HTXDWLRQ E\ WKH PHWKRG
RI VHSDUDWLRQ RI YDULDEOHV� VROXWLRQ RI D KRPRJHQHRXV DQG OLQHDU GLIIHUHQWLDO HTXDWLRQ RI WKH W\SH
𝑑𝑦
𝑑𝑥

൅ 𝑝 𝑥 𝑦 ൌ 𝑞ሺ𝑥ሻ�

81,7 ��� &2�25',1$7( *(20(75< �

&DUWHVLDQ V\VWHP RI UHFWDQJXODU FRRUGLQDWHV LQ D SODQH� GLVWDQFH IRUPXOD� VHFWLRQV IRUPXOD� ORFXV DQG LWV
HTXDWLRQ� WKH VORSH RI D OLQH� SDUDOOHO DQG SHUSHQGLFXODU OLQHV� LQWHUFHSWV RI D OLQH RQ WKH FR�RUGLQDWH D[LV�

6WUDLJKW OLQH� 9DULRXV IRUPV RI HTXDWLRQV RI D OLQH� LQWHUVHFWLRQ RI OLQHV� DQJOHV EHWZHHQ WZR OLQHV�
FRQGLWLRQV IRU FRQFXUUHQFH RI WKUHH OLQHV� WKH GLVWDQFH RI D SRLQW IRUP D OLQH� FR�RUGLQDWH RI WKH FHQWURLG�
RUWKRFHQWUH DQG FLUFXPFHQWUH RI D WULDQJOH�

&LUFOH� FRQLF VHFWLRQV� $ VWDQGDUG IRUP RI HTXDWLRQV RI D FLUFOH� WKH JHQHUDO IRUP RI WKH HTXDWLRQ RI D FLUFOH�
LWV UDGLXV DQG FHQWUH� HTXDWLRQ RI D FLUFOH ZKHQ WKH HQGSRLQWV RI D GLDPHWHU DUH JLYHQ� SRLQWV RI LQWHUVHFWLRQ
RI D OLQH DQG D FLUFOH ZLWK WKH FHQWUH DW WKH RULJLQ DQG VHFWLRQV RI FRQLFV� HTXDWLRQV RI FRQLF VHFWLRQV
�SDUDEROD� HOOLSVH DQG K\SHUEROD� LQ VWDQGDUG IRUPV�

81,7 ��� 7+5(( ',0(16,21$/ *(20(75< �

&RRUGLQDWHV RI D SRLQW LQ VSDFH� WKH GLVWDQFH EHWZHHQ WZR SRLQWV� VHFWLRQ IRUPXOD� GLUHFWLRQ UDWLRV DQG
GLUHFWLRQ FRVLQHV DQG WKH DQJOH EHWZHHQ WZR LQWHUVHFWLQJ OLQHV� (TXDWLRQ RI D OLQH� 6NHZ OLQHV� WKH VKRUWHVW
GLVWDQFH EHWZHHQ WKHP DQG LWV HTXDWLRQ�

81,7 ��� 9(&725 $/*(%5$ �

9HFWRUV DQG VFDODUV� WKH DGGLWLRQ RI YHFWRUV� FRPSRQHQWV RI D YHFWRU LQ WZR GLPHQVLRQV DQG WKUHH�
GLPHQVLRQDO VSDFHV� VFDODU DQG YHFWRU SURGXFWV�

81,7 ��� 67$7,67,&6 $1' 352%$%,/,7< �

0HDVXUHV RI GLVSHUVLRQ� FDOFXODWLRQ RI PHDQ� PHGLDQ� PRGH RI JURXSHG DQG XQJURXSHG GDWD� FDOFXODWLRQ RI
VWDQGDUG GHYLDWLRQ� YDULDQFH DQG PHDQ GHYLDWLRQ IRU JURXSHG DQG XQJURXSHG GDWD� 3UREDELOLW\� 3UREDELOLW\
RI DQ HYHQW� DGGLWLRQ DQG PXOWLSOLFDWLRQ WKHRUHPV RI SUREDELOLW\� %D\H
V WKHRUHP� SUREDELOLW\ GLVWULEXWLRQ RI D
UDQGRP YDULDEOH�

81,7 ��� 75,*2120(75< �

7ULJRQRPHWULFDO LGHQWLWLHV DQG WULJRQRPHWULFDO IXQFWLRQV� LQYHUVH WULJRQRPHWULFDO IXQFWLRQV DQG WKHLU
SURSHUWLHV�



3DUW ±,, $37,78'( 7(67

81,7 � � $ZDUHQHVV RI SHUVRQV� %XLOGLQJV� 0DWHULDOV�

2EMHFWV� 7H[WXUH UHODWHG WR $UFKLWHFWXUH DQG %XLOG�HQYLURQPHQW� 9LVXDOL]LQJ WKUHH� GLPHQVLRQDO REMHFWV
IURP WZR�GLPHQVLRQDO GUDZLQJV� 9LVXDOL]LQJ� 'LIIHUHQW VLGHV RI WKUHH� GLPHQVLRQDO REMHFWV� $QDO\WLFDO
5HDVRQLQJ 0HQWDO $ELOLW\ �9LVXDO� 1XPHULFDO DQG 9HUEDO�

81,7 ± � 7KUHH GLPHQVLRQDO� SHUFHSWLRQ� 8QGHUVWDQGLQJ DQG DSSUHFLDWLRQ RI VFDOH DQG SURSRUWLRQV RI
REMHFWV� EXLOGLQJ IRUPV DQG HOHPHQWV� FRORXU WH[WXUH KDUPRQ\ DQG FRQWUDVW 'HVLJQ DQG GUDZLQJ RI
JHRPHWULFDO RU DEVWUDFW VKDSHV DQG SDWWHUQV LQ SHQFLO� 7UDQVIRUPDWLRQ RI IRUPV ERWK �' DQG �' XQLRQ�
VXEWUDFWLRQ URWDWLRQ� GHYHORSPHQW RI VXUIDFHV DQG YROXPHV� *HQHUDWLRQ RI SODQV� HOHYDWLRQV DQG �' YLHZV
RI REMHFWV� FUHDWLQJ WZR�GLPHQVLRQDO DQG WKUHH�GLPHQVLRQDO FRPSRVLWLRQV XVLQJ JLYHQ VKDSHV DQG IRUPV�

3DUW ± ,,, '5$:,1* 7(67

6NHWFKLQJ RI VFHQHV DQG DFWLYLWLHV IURP PHPRU\ RI XUEDQVFDSH �SXEOLF VSDFH� PDUNHW� IHVWLYDOV� VWUHHW
VFHQHV� PRQXPHQWV� UHFUHDWLRQDO VSDFHV� HWF��� ODQGVFDSH �ULYHUIURQWV� -XQJOH� *DUGHQV� WUHHV� 3ODQWV� HWF��
DQG UXUDO OLIH�

7R EH FRQGXFWHG LQ D 'UDZLQJ VKHHW�

1RWH� &DQGLGDWHV DUH DGYLVHG WR EULQJ SHQFLOV� RZQ JHRPHWU\ ER[ VHW� FUDVHWV DQG FRORXU SHQFLOV DQG
FUD\RQV IRU WKH 'UDZLQJ 7HVW�



6\OODEXV IRU -(( �0DLQ� 3DSHU �% �%�3ODQQLQJ� � 0DWKHPDWLFV� $SWLWXGH 7HVW DQG 3ODQQLQJ
3DUW � , 0$7+(0$7,&6

81,7 �� 6(76� 5(/$7,216 $1' )81&7,216�

6HWV DQG WKHLU UHSUHVHQWDWLRQ� 8QLRQ� LQWHUVHFWLRQ DQG FRPSOHPHQW RI VHWV DQG WKHLU DOJHEUDLF SURSHUWLHV�
3RZHU VHW� 5HODWLRQV� W\SH RI UHODWLRQV� HTXLYDOHQFH UHODWLRQV� IXQFWLRQV� RQH�RQH� LQWR DQG RQWR IXQFWLRQV�
WKH FRPSRVLWLRQ RI IXQFWLRQV�

81,7 �� &203/(; 180%(56 $1' 48$'5$7,& (48$7,216�

&RPSOH[ QXPEHUV DV RUGHUHG SDLUV RI UHDOV� 5HSUHVHQWDWLRQ RI FRPSOH[ QXPEHUV LQ WKH IRUP D � LE DQG
WKHLU UHSUHVHQWDWLRQ LQ D SODQH� $UJDQG GLDJUDP� DOJHEUD RI FRPSOH[ QXPEHUV� PRGXOXV DQG DUJXPHQW �RU
DPSOLWXGH� RI D FRPSOH[ QXPEHU� 4XDGUDWLF HTXDWLRQV LQ UHDO DQG FRPSOH[ QXPEHU V\VWHPV DQG WKHLU
VROXWLRQV� 5HODWLRQV EHWZHHQ URRWV DQG FRHIILFLHQWV� QDWXUH RI URRWV� WKH IRUPDWLRQ RI TXDGUDWLF HTXDWLRQV
ZLWK JLYHQ URRWV�

81,7�� 0$75,&(6 $1' '(7(50,1$176�

0DWULFHV� DOJHEUD RI PDWULFHV� W\SH RI PDWULFHV� GHWHUPLQDQWV DQG PDWULFHV RI RUGHU WZR DQG WKUHH�
HYDOXDWLRQ RI GHWHUPLQDQWV� DUHD RI WULDQJOHV XVLQJ GHWHUPLQDQWV� $GMRLQW DQG LQYHUVH RI D VTXDUH PDWUL[�
7HVW RI FRQVLVWHQF\ DQG VROXWLRQ RI VLPXOWDQHRXV OLQHDU HTXDWLRQV LQ WZR RU WKUHH YDULDEOHV XVLQJ PDWULFHV�

81,7 �� 3(5087$7,216 $1' &20%,1$7,216�

7KH IXQGDPHQWDO SULQFLSOH RI FRXQWLQJ� SHUPXWDWLRQV DQG FRPELQDWLRQV� 0HDQLQJ RI 3�Q� U� DQG &�Q� U��
6LPSOH DSSOLFDWLRQV�

81,7 �� %,120,$/ 7+(25(0 $1' ,76 6,03/( $33/,&$7,216�

%LQRPLDO WKHRUHP IRU D SRVLWLYH LQWHJUDO LQGH[� JHQHUDO WHUP DQG PLGGOH WHUP DQG VLPSOH DSSOLFDWLRQV�

81,7 �� 6(48(1&( $1' 6(5,(6�

$ULWKPHWLF DQG *HRPHWULF SURJUHVVLRQV� LQVHUWLRQ RI DULWKPHWLF� JHRPHWULF PHDQV EHWZHHQ WZR JLYHQ
QXPEHUV� 5HODWLRQ EHWZHHQ $�0 DQG *�0�

81,7 �� /,0,7� &217,18,7< $1' ',))(5(17,$%,/,7<�

5HDO±YDOXHG IXQFWLRQV� DOJHEUD RI IXQFWLRQV� SRO\QRPLDO� UDWLRQDO� WULJRQRPHWULF� ORJDULWKPLF DQG
H[SRQHQWLDO IXQFWLRQV� LQYHUVH IXQFWLRQV� *UDSKV RI VLPSOH IXQFWLRQV� /LPLWV� FRQWLQXLW\ DQG
GLIIHUHQWLDELOLW\� 'LIIHUHQWLDWLRQ RI WKH VXP� GLIIHUHQFH� SURGXFW DQG TXRWLHQW RI WZR IXQFWLRQV�
'LIIHUHQWLDWLRQ RI WULJRQRPHWULF� LQYHUVH WULJRQRPHWULF� ORJDULWKPLF� H[SRQHQWLDO� FRPSRVLWH DQG LPSOLFLW
IXQFWLRQV� GHULYDWLYHV RI RUGHU XSWR WZR� $SSOLFDWLRQV RI GHULYDWLYHV� 5DWH RI FKDQJH RI TXDQWLWLHV�
PRQRWRQLF�,QFUHDVLQJ DQG GHFUHDVLQJ IXQFWLRQV� 0D[LPD DQG PLQLPD RI IXQFWLRQV RI RQH YDULDEOH�

81,7 �� ,17(*5$/ &$/&8/$6�
,QWHJUDO DV DQ DQWL�GHULYDWLYH� )XQGDPHQWDO LQWHJUDOV LQYROYLQJ DOJHEUDLF� WULJRQRPHWULF� H[SRQHQWLDO DQG
ORJDULWKPLF IXQFWLRQV� ,QWHJUDWLRQ E\ VXEVWLWXWLRQ� E\ SDUWV DQG E\ SDUWLDO IUDFWLRQV� ,QWHJUDWLRQ XVLQJ
WULJRQRPHWULF LGHQWLWLHV�
(YDOXDWLRQ RI VLPSOH LQWHJUDOV RI WKH W\SH

7KH IXQGDPHQWDO WKHRUHP RI FDOFXOXV� SURSHUWLHV RI GHILQLWH LQWHJUDOV� (YDOXDWLRQ RI GHILQLWH LQWHJUDOV�
GHWHUPLQLQJ DUHDV RI WKH UHJLRQV ERXQGHG E\ VLPSOH FXUYHV�



81,7 �� ',))5(17,$/ (48$7,216 �

2UGLQDU\ GLIIHUHQWLDO HTXDWLRQV� WKHLU RUGHU DQG GHJUHH� WKH VROXWLRQ RI GLIIHUHQWLDO HTXDWLRQ E\ WKH PHWKRG RI
VHSDUDWLRQ RI YDULDEOHV� VROXWLRQ RI D KRPRJHQHRXV DQG OLQHDU GLIIHUHQWLDO HTXDWLRQ RI WKH W\SH
𝑑𝑦
𝑑𝑥

൅ 𝑝 𝑥 𝑦 ൌ 𝑞ሺ𝑥ሻ�

81,7 ��� &2�25',1$7( *(20(75< �

&DUWHVLDQ V\VWHP RI UHFWDQJXODU FRRUGLQDWHV LQ D SODQH� GLVWDQFH IRUPXOD� VHFWLRQV IRUPXOD� ORFXV DQG LWV
HTXDWLRQ� WKH VORSH RI D OLQH� SDUDOOHO DQG SHUSHQGLFXODU OLQHV� LQWHUFHSWV RI D OLQH RQ WKH FR�RUGLQDWH D[LV�

6WUDLJKW OLQH� 9DULRXV IRUPV RI HTXDWLRQV RI D OLQH� LQWHUVHFWLRQ RI OLQHV� DQJOHV EHWZHHQ WZR OLQHV� FRQGLWLRQV IRU
FRQFXUUHQFH RI WKUHH OLQHV� WKH GLVWDQFH RI D SRLQW IRUP D OLQH� FR�RUGLQDWH RI WKH FHQWURLG� RUWKRFHQWUH DQG
FLUFXPFHQWUH RI D WULDQJOH�

&LUFOH� FRQLF VHFWLRQV� $ VWDQGDUG IRUP RI HTXDWLRQV RI D FLUFOH� WKH JHQHUDO IRUP RI WKH HTXDWLRQ RI D FLUFOH� LWV
UDGLXV DQG FHQWUH� HTXDWLRQ RI D FLUFOH ZKHQ WKH HQGSRLQWV RI D GLDPHWHU DUH JLYHQ� SRLQWV RI LQWHUVHFWLRQ RI D
OLQH DQG D FLUFOH ZLWK WKH FHQWUH DW WKH RULJLQ DQG VHFWLRQV RI FRQLFV� HTXDWLRQV RI FRQLF VHFWLRQV �SDUDEROD�
HOOLSVH DQG K\SHUEROD� LQ VWDQGDUG IRUPV�

81,7 ��� 7+5(( ',0(16,21$/ *(20(75< �

&RRUGLQDWHV RI D SRLQW LQ VSDFH� WKH GLVWDQFH EHWZHHQ WZR SRLQWV� VHFWLRQ IRUPXOD� GLUHFWLRQ UDWLRV DQG
GLUHFWLRQ FRVLQHV DQG WKH DQJOH EHWZHHQ WZR LQWHUVHFWLQJ OLQHV� (TXDWLRQ RI D OLQH� 6NHZ OLQHV� WKH VKRUWHVW
GLVWDQFH EHWZHHQ WKHP DQG LWV HTXDWLRQ�

81,7 ��� 9(&725 $/*(%5$ �

9HFWRUV DQG VFDODUV� WKH DGGLWLRQ RI YHFWRUV� FRPSRQHQWV RI D YHFWRU LQ WZR GLPHQVLRQV DQG WKUHH�GLPHQVLRQDO
VSDFHV� VFDODU DQG YHFWRU SURGXFWV�

81,7 ��� 67$7,67,&6 $1' 352%$%,/,7< �

0HDVXUHV RI GLVSHUVLRQ� FDOFXODWLRQ RI PHDQ� PHGLDQ� PRGH RI JURXSHG DQG XQJURXSHG GDWD� FDOFXODWLRQ RI
VWDQGDUG GHYLDWLRQ� YDULDQFH DQG PHDQ GHYLDWLRQ IRU JURXSHG DQG XQJURXSHG GDWD� 3UREDELOLW\� 3UREDELOLW\ RI DQ
HYHQW� DGGLWLRQ DQG PXOWLSOLFDWLRQ WKHRUHPV RI SUREDELOLW\� %D\H
V WKHRUHP� SUREDELOLW\ GLVWULEXWLRQ RI D UDQGRP
YDULDEOH�

81,7 ��� 75,*2120(75< �

7ULJRQRPHWULFDO LGHQWLWLHV DQG WULJRQRPHWULFDO IXQFWLRQV� LQYHUVH WULJRQRPHWULFDO IXQFWLRQV DQG WKHLU SURSHUWLHV�

3DUW ±,, $37,78'( 7(67

81,7 � � $ZDUHQHVV RI SHUVRQV� %XLOGLQJV� 0DWHULDOV� 2EMHFWV DQG 7H[WXUHV UHODWHG WR $UFKLWHFWXUH DQG %XLOG�
HQYLURQPHQW� 9LVXDOL]LQJ WKUHH�GLPHQVLRQDO REMHFWV IURP WZR�GLPHQVLRQDO GUDZLQJV�9LVXDOL]LQJ GLIIHUHQW VLGHV
RI WKUHH�GLPHQVLRQDO REMHFWV� $QDO\WLFDO 5HDVRQLQJ 0HQWDO $ELOLW\ �9LVXDO� 1XPHULFDO DQG 9HUEDO�

81,7 ± � 7KUHH GLPHQVLRQDO� SHUFHSWLRQ� 8QGHUVWDQGLQJ DQG DSSUHFLDWLRQ RI VFDOH DQG SURSRUWLRQV RI REMHFWV�
EXLOGLQJ IRUPV DQG HOHPHQWV� FRORXU WH[WXUH KDUPRQ\ DQG FRQWUDVW 'HVLJQ DQG GUDZLQJ RI JHRPHWULFDO RU
DEVWUDFW VKDSHV DQG SDWWHUQV LQ SHQFLO� 7UDQVIRUPDWLRQ RI IRUPV ERWK �' DQG �' XQLRQ� VXEWUDFWLRQ URWDWLRQ�
GHYHORSPHQW RI VXUIDFHV DQG YROXPHV� *HQHUDWLRQ RI SODQV� HOHYDWLRQV DQG �' YLHZV RI REMHFWV� FUHDWLQJ WZR�
GLPHQVLRQDO DQG WKUHH�GLPHQVLRQDO FRPSRVLWLRQV XVLQJ JLYHQ VKDSHV DQG IRUPV�



3DUW ± ,,, 3/$11,1*

81,7�� *(1(5$/ $:$5(1(66�

*HQHUDO NQRZOHGJH TXHVWLRQV DQG NQRZOHGJH DERXW SURPLQHQW FLWLHV� GHYHORSPHQW LVVXHV� JRYHUQPHQW
SURJUDPV HWF�

81,7�� 62&,$/ 6&,(1&(6

7KH LGHD RI QDWLRQDOLVP� QDWLRQDOLVP LQ ,QGLD� SUH�PRGHUQ ZRUOG� ��WK�FHQWXU\ JOREDO HFRQRP\� FRORQLDOLVP DQG
FRORQLDO FLWLHV� LQGXVWULDOL]DWLRQ� UHVRXUFHV DQG GHYHORSPHQW� W\SHV RI UHVRXUFHV� DJULFXOWXUH� ZDWHU� PLQHUDO
UHVRXUFHV� LQGXVWULHV� QDWLRQDO HFRQRP\� +XPDQ 6HWWOHPHQWV�

3RZHU�VKDULQJ� IHGHUDOLVP� SROLWLFDO SDUWLHV� GHPRFUDF\� WKH FRQVWLWXWLRQ RI ,QGLD�

(FRQRPLF GHYHORSPHQW� HFRQRPLF VHFWRUV� JOREDOL]DWLRQ� WKH FRQFHSW RI GHYHORSPHQW� SRYHUW\� 3RSXODWLRQ
VWUXFWXUH� VRFLDO H[FOXVLRQ DQG LQHTXDOLW\� XUEDQL]DWLRQ� UXUDO GHYHORSPHQW� FRORQLDO FLWLHV�

81,7�� 7+,1.,1* 6.,//6

&RPSUHKHQVLRQ �XQVHHQ SDVVDJH�� PDS UHDGLQJ VNLOOV� VFDOH� GLVWDQFH� GLUHFWLRQ� DUHD HWF�� FULWLFDO UHDVRQLQJ�
XQGHUVWDQGLQJ RI FKDUWV� JUDSKV DQG WDEOHV� EDVLF FRQFHSWV RI VWDWLVWLFV DQG TXDQWLWDWLYH UHDVRQLQJ�


